
The Journal of Nutrition
Supplement

Development and Validation of a Novel
Food-Based Global Diet Quality Score (GDQS)
Sabri Bromage,1 Carolina Batis,2 Shilpa N Bhupathiraju,1,3 Wafaie W Fawzi,1 Teresa T Fung,1,4 Yanping Li,1

Megan Deitchler,5 Erick Angulo,2 Nick Birk,1 Analí Castellanos-Gutiérrez,2 Yuna He,6 Yuehui Fang,6

Mika Matsuzaki,7 Yiwen Zhang,1 Mourad Moursi,5 Selma Gicevic,1,8 Michelle D Holmes,1,3

Sheila Isanaka,1 Sanjay Kinra,9 Sonia E Sachs,10 Meir J Stampfer,1,3 Dalia Stern,2 and Walter C Willett1,3

1Harvard T.H. Chan School of Public Health, Boston, MA, USA; 2National Institute of Public Health, Cuernavaca, Mexico; 3Channing
Division of Network Medicine, Brigham and Women’s Hospital, Boston, MA, USA; 4Department of Nutrition, Simmons University,
Boston, MA, USA; 5Intake - Center for Dietary Assessment, FHI Solutions, Washington, DC, USA; 6National Institute for Nutrition and
Health, Chinese Center for Disease Control and Prevention, Beijing, China; 7Johns Hopkins Bloomberg School of Public Health, Baltimore,
MD, USA; 8London Centre for Integrative Research on Agriculture and Health, London, United Kingdom; 9London School of Hygiene and
Tropical Disease, London, United Kingdom; and 10Center for Sustainable Development, Columbia University, New York, NY, USA

ABSTRACT
Background: Poor diet quality is a major driver of both classical malnutrition and noncommunicable disease (NCD) and

was responsible for 22% of adult deaths in 2017. Most countries face dual burdens of undernutrition and NCDs, yet no

simple global standard metric exists for monitoring diet quality in populations and population subgroups.

Objectives: We aimed to develop an easy-to-use metric for nutrient adequacy and diet related NCD risk in diverse

settings.

Methods: Using cross-sectional and cohort data from nonpregnant, nonlactating women of reproductive age in

10 African countries as well as China, India, Mexico, and the United States, we undertook secondary analyses to

develop novel metrics of diet quality and to evaluate associations between metrics and nutrient intakes and adequacy,

anthropometry, biomarkers, type 2 diabetes, and iteratively modified metric design to improve performance and to

compare novel metric performance to that of existing metrics.

Results: We developed the Global Diet Quality Score (GDQS), a food-based metric incorporating a more comprehensive

list of food groups than most existing diet metrics, and a simple means of scoring consumed amounts. In secondary

analyses, the GDQS performed comparably with the Minimum Dietary Diversity - Women indicator in predicting an

energy-adjusted aggregate measure of dietary protein, fiber, calcium, iron, zinc, vitamin A, folate, and vitamin B12

adequacy and with anthropometric and biochemical indicators of undernutrition (including underweight, anemia, and

serum folate deficiency), and the GDQS also performed comparably or better than the Alternative Healthy Eating Index

- 2010 in capturing NCD-related outcomes (including metabolic syndrome, change in weight and waist circumference,

and incident type 2 diabetes).

Conclusions: The simplicity of the GDQS and its ability to capture both nutrient adequacy and diet-related NCD

risk render it a promising candidate for global monitoring platforms. Research is warranted to validate methods

to operationalize GDQS assessment in population surveys, including a novel application–based 24-h recall system

developed as part of this project. J Nutr 2021;151:75S–92S.

Keywords: diet quality metrics, dietary diversity, nutrient adequacy, noncommunicable disease, double burden of

malnutrition, nutrition transition, nutritional epidemiology, monitoring and evaluation, nutrition surveillance, GDQS

Introduction
Dietary factors are responsible for a greater fraction of global
age-standardized adult mortality (22% of total deaths among
those aged ≥25 y) than any other risk factor (1). Most diet-
related mortality is caused by cardiovascular disease, type
2 diabetes, and cancer (1), and 82% of diet-related deaths
now occur in low- and middle-income countries (LMIC) (2).

In addition to dietary imbalances contributing to metabolic
risks and noncommunicable disease (NCD) mortality, protein,
energy, and micronutrient deficits continue to contribute to
a dual burden of undernutrition in most LMIC and further
threaten health and livelihoods, particularly those of women
and children (3).

Valid, robust, and easily operationalized diet metrics are
needed to systematically assess, compare, and track risks of
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nutrient inadequacy and diet-related NCDs in populations and
to inform effective, evidence-based policies and programs for
improving diet quality (4). Existing metrics have focused on
specific dimensions of diet quality (such as nutrient adequacy
or NCD risk) or specific (usually high-income) populations, or
have high data needs (such as the use of food composition data
for analysis) that are not conducive to applications in limited-
resource settings (5). Conversely, existing metrics that are
feasible to collect in limited-resource settings typically involve
simplistic ways of scoring amounts of foods consumed, which
limit metric performance (5). Without a standard, validated
global metric that is feasible to collect in limited-resource
settings and that can sensitively measure diet quality in terms
of both nutritional adequacy and NCD risk, the international
community and UN Sustainable Development Goals lack a
critical component of global health surveillance.

In 2018, Intake – Center for Dietary Assessment launched
a 2-y research initiative to help fill this gap. The aim of the
initiative was to develop a novel suite of simple yet robust
metrics for assessing diet quality at the population level in
diverse LMIC. Such metrics were intended to be appropriate for
within- and between-population comparisons and tracking over
time, applicable to program monitoring, evaluation, design,
communication, and advocacy, and inherently simple and
inexpensive to collect and analyze, and to have consistent
interpretation across settings and potential for integration in
existing data collection platforms and surveillance systems.
The metrics to be developed were to be appropriate for
use among nonpregnant, nonlactating women of reproductive
age, considering the importance of this group as a major
focus of nutrition interventions globally (4), but ideally would
also be applicable to other demographic groups and high-
income countries as all nations are included in the Sustainable
Development Goals.
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Following a competitive solicitation process, Intake selected
a team at Harvard University to lead the research initiative.
The team worked collaboratively with researchers from the
National Institute of Public Health, Mexico; the Chinese Center
for Disease Control and Prevention; the London School of
Hygiene and Tropical Medicine; the Center for Sustainable
Development at Columbia University; the Addis Continental
Institute of Public Health, Ethiopia; and Intake to carry out
the requested metric development work. This paper provides
a broad overview of the approach and results of metric
development, whereas other papers in this Supplemental Issue
describe detailed evaluations of metric performance in cross-
sectional (6–10) and cohort (11–13) datasets.

Methods
Starting point for metric development: the Prime Diet
Quality Score
We selected the Prime Diet Quality Score (PDQS) (15) as the initial basis
for the development of novel metrics. The PDQS is a food-based metric
of diet quality that includes 21 food groups, 14 of which are classified
as healthy and 7 as unhealthy based on review of the literature on
dietary contributors to nutrient intakes and NCD risk globally (16, 17).
Healthy food groups are assigned more points for higher consumption
(0 points for 0–1 servings/wk, 1 point for 2–3 servings/wk, and 2 points
for 4+ servings/wk). Scoring is reversed for unhealthy groups (more
points are given for lower consumption). The PDQS food-based design,
differentiation of healthy and unhealthy foods groups, and modestly
expanded list of food groups compared with most existing metrics
(5) allow it to be applied to a range of global diets and capture the
contribution of diet to both undernutrition and NCD risk without
requiring food composition data in analysis. The metric’s trichotomous
approach to scoring consumed amounts also provides a potentially
more sensitive, though not overly complicated, means of capturing
diet quality than some existing metrics. Analyses have found higher
PDQS scores to be correlated with key nutrient intakes in US women
(18) and inversely associated with incident heart disease, gestational
diabetes, hypertension, and all-cause mortality in US adults (15, 19, 20),
cardiovascular risk factors among older Spanish adults (21, 22), and
preterm birth, low birth weight, and fetal loss in pregnant Tanzanian
women (23).

Modifications to PDQS food groups
In developing candidate diet quality metrics to be tested, we first
undertook modifications to the list of PDQS food groups to represent
the diversity of nutritionally important foods more fully across LMIC
globally, and the most up-to-date scientific evidence regarding relations
between different foods and health. Major changes included the
following:

• Removing “carrots”and adding 3 new deep orange food groups (deep
orange fruits, vegetables, and tubers);

• Expanding “poultry” to also include lean game meats;
• Expanding “fish” to also include shellfish and other important

seafood contributors to n-3 fatty acids and protein;
• Modifying “fried foods away from home” to specifically target deep

fried foods that are purchased;
• Treating “eggs” [which we have sometimes not included as a scored

component in adults (18, 20, 24)] as a healthy food group;
• Adding a positively scored “low fat dairy” group;
• Modifying the scoring approach for high fat dairy and red meat so

that increasing points are given until specific consumed amounts, after
which no points are given, to recognize modest consumption of these
groups as an important source of nutrients and higher consumption
as an NCD risk factor;

• Adding juice (defined as any unsweetened or sweetened drink at least
partly composed of fruit juice) as an unhealthy group.
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TABLE 1 Summary of datasets used to develop and evaluate metrics1

Diet methods and sample
Foods included

in data, n
Reference period or

no. of 24HRs
Portion size
information

FFQ frequency options
(if applicable) Outcomes

Cross-sectional datasets
Millennium Villages Project (10 Sub-Saharan African countries) (25)

FFQ from 1624 rural NPNL
WRA; separate
instrument developed

for each village

92–161,
depending on

country

Past month Nonquantitative (no
portion size
information)

Never, 1/mo, 2–3/mo,
1/wk, 2–3/wk,
4–6/wk, 1/d, ≥2/d

Nutrient intake and adequacy, BMI,
MUAC, hemoglobin

Anemia etiology in Ethiopia study (26)
FFQ from 1604 mostly rural

NPNL WRA2

454 Past week Quantitative: 7 food
item–specific portion
sizes assessed for
each food

Never, 1/wk, 2–4/wk,
5–6/wk, 1/d, 2–3/d,
4–5/d, ≥6/d

Nutrient intake and adequacy, BMI,
MUAC, hemoglobin, ferritin,
serum folate, serum vitamin
B12, blood pressure

24HR from 1593 mostly
rural NPNL WRA2

113 1 24HR, and 2nd in
subset of
participants

Multiple-pass probe
incorporating
information on no. of
meals at which each
food was consumed,
no. of servings of each
food consumed at
each meal, and
average portion size of
each food

NA Same as above

2010–2012 China National Nutrition and Health Survey (27)
24HR from 15,173 urban

and rural NPNL WRA
1615 3 consecutive d (2

wkd and 1 wkend)
Quantitative: estimated g

consumed/last 24 h
each d of the 3 d

NA Nutrient intake and adequacy, BMI,
waist circumference, hemoglobin,
glucose, HDL and total
cholesterol, triglycerides, blood
pressure, metabolic syndrome

Indian Migration Study and Andhra Pradesh Children and Parents Study (28, 29)
FFQ from 3065 mostly rural

NP WRA 3

184 Past year Portion size estimates
with quantitative:
standard household
utensils (e.g.,
tablespoon, ladle, and
bowl), data on no. of
portion sizes
consumed also
collected

Never, yearly, monthly,
weekly, daily

Nutrient intake and adequacy, BMI,
hemoglobin, HDL and total
cholesterol, blood pressure

2012 and 2016 Mexican National Surveys of Health and Nutrition (30, 31)
FFQ from 4975 urban and

rural NPNL WRA2

140 Past week Quantitative: 2–3 portion
sizes offered for each
food, data on no. of
portion sizes
consumed also
collected

Never, 1/wk, 2–4/wk,
5–6/wk, 1/d, 2–3/d,
4–5/d, ≥6/d

Nutrient intake and adequacy, BMI,
waist circumference, hemoglobin,
ferritin, serum folate, serum
vitamin B12, glucose, insulin, LDL
cholesterol, HDL cholesterol, total
cholesterol, triglycerides,
metabolic syndrome

24HR from 2545 urban and
rural NPNL WRA2

544 1 24HR, 2nd in subset
of participants

Multiple 5-pass probe
incorporating weighed
amounts or common
household
measurement
implements

NA Same as above

Cohort datasets
Mexican Teachers Cohort (32)

FFQ from 8967 urban and
rural NPNL WRA

125 Past year Semiquantitative:
standard portion size
or commonly used unit
indicated

Never, ≤1/mo, 2–3/mo,
1/wk, 2–4/wk,
5–6/wk, 1/d, 2–3/d,
4–5/d, ≥6/d

Weight change, waist circumference
change

(Continued)
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TABLE 1 (Continued)

Diet methods and sample
Foods included

in data, n
Reference period or

no. of 24HRs
Portion size
information

FFQ frequency options
(if applicable) Outcomes

US Nurses’ Health Study II (33)
FFQ from 56,321 urban and

rural NP WRA3

135 Past year Semiquantitative:
standard portion size
or commonly used unit
indicated

Never or <1/mo,
1–3/mo, 1/wk,
2–4/wk, 5–6/wk, 1/d,
2–3/d, 4–5/d, ≥6/d

Weight change, incident type 2
diabetes

1In cross-sectional datasets, sample size corresponds to the number of participants with dietary data (for some outcomes, available sample size was smaller; refer to (25–33)
for more details. MUAC, mid–upper arm circumference; NA, not applicable; NP, nonpregnant; NL, nonlactating; WRA, women of reproductive age; 24HR, 24-hour recall.
2FFQ and 24HR data from the Anemia Etiology in Ethiopia Study were collected from the same sample. FFQ and 24HR data from the 2012 and 2016 Mexican National Surveys
of Health and Nutrition were collected from separate samples.
3The Indian Migration Study and Andhra Pradesh Children and Parents Study population consists of NP WRA (lactation was not ascertained). In analysis of the Nurses’ Health
Study II, women were classified as NP (lactation was not ascertained), but 2-y time periods during which a pregnancy was reported were excluded from analysis to limit the
influence of lactation.

Rationales for the inclusion and scoring approach of the 25 food
groups retained in the final metric, details on the operational definition
of each food group, and rationales for excluding certain food groups
are provided in Supplemental Methods.

Modifications to the PDQS scoring method
We also modified the trichotomous basis upon which PDQS food groups
are scored from servings per day to grams per day, to facilitate more
comparable assessments across countries and over time. We selected
the gram per day cutoffs for each food group based on their ability
to produce a reasonably even distribution of categories of consumed
amounts of each food group based on analysis of FFQ and 24-h recall
(24HR) data from cross-sectional and cohort studies of nonpregnant
and nonlactating women in diverse settings (Table 1). We implemented
further minor adjustments to these cutoffs to facilitate primary data
collection, following methodology described by Moursi and colleagues
in this Supplemental Issue (14).

Refinement of candidate metrics
Upon implementing initial refinements to PDQS food group definitions
and scoring to create an updated PDQS-like Metric, we scored the
metric using FFQ, 24HR, or both FFQ and 24HR measurements in each
dataset (Table 1); evaluated associations between the PDQS-like Metric
and outcomes available in each dataset using Spearman correlations and
multivariable regression models to examine trends in metric–outcome
associations across metric quintiles; and made incremental refinements
to the scoring approach to optimize metric performance for predicting
outcomes across data sets. Refinements involved experimenting with
greater or fewer numbers of categories of consumed amounts for use in
scoring food groups, exploring different combinations of point values
assigned to categories of consumed amounts, and computing total met-
ric scores using subsets of food groups (submetrics) instead of all food
groups. Throughout metric evaluation and refinement, we statistically
compared the performance of different candidate metrics and submet-
rics (36 in total) by using Wolfe’s tests to compare metric–outcome cor-
relation coefficients (34), and by entering pairs of metrics as predictors
in the same regression models and comparing metrics using Wald tests
for differences in linear trends (35). Analyses to evaluate and refine met-
rics were conducted separately using FFQ and 24HR data (when both
were available in a given dataset). Where data were available and sample
sizes allowed, analyses were conducted both in aggregate and separately
by urban compared with rural locality or season of data collection to
evaluate robustness of metric performance across contexts and seasons.

Evaluating performance of final candidate metrics
In the last stage of metric development, we evaluated and compared the
performance of the final 3 candidates that we developed [the Global
Diet Quality Score (GDQS), GDQS Positive Submetric (GDQS+), and
GDQS Negative Submetric (GDQS-)] with a simplified version of the
GDQS using fewer categories of consumed amounts for assigning
point values, the PDQS-like Metric, and 2 existing metrics. The
existing metrics were the Alternative Healthy Eating Index – 2010
(AHEI-2010) (35), which captures diet-related chronic disease risk, and

the Minimum Dietary Diversity - Women (MDD-W) indicator (36),
which is a proxy for nutrient adequacy (in our analyses, we treated the
MDD-W as a continuous variable ranging from 0 to 10, rather than
a binary indicator as it is sometimes used) (Table 2). Results of cross-
sectional analyses reported in this paper focus on associations between
metrics and the outcomes they are intended to target by design (i.e.,
the GDQS+ and MDD-W compared with nutrient adequacy–related
outcomes, the GDQS- and AHEI-2010 compared with NCD outcomes,
and the GDQS compared with both categories); more expansive results
can be found in references 6–10. In addition to analysis of cross-
sectional datasets, we analyzed cohort data to evaluate longitudinal
associations between change in metrics compared with change in weight
and waist circumference, and between metrics and incident type 2
diabetes using the Cox proportional hazards models. In both cross-
sectional and cohort data, we also graphically examined nonlinearity in
covariate-adjusted metric-outcome relationships to identify GDQS and
GDQS submetric cutoffs for defining categorical ranges of diet-related
risk for use at the population level.

Results

The GDQS metric is composed of 25 food groups that are glob-
ally important contributors to nutrient intake and/or NCD risk
as informed by current nutrition science and epidemiologic lit-
erature (16, 17) (Tables 3 and 4). Points are assigned based on 3
or 4 categories of consumed amounts (defined in g/d) specific to
each group. There are 16 healthy food groups (scored by giving
more points for higher intake), 7 unhealthy food groups (more
points for lower intake), and 2 food groups classified as un-
healthy when consumed in excessive amounts (increasing points
are given until specific amounts have been consumed, after
which no points are given). The GDQS is obtained by summing
points across all of the 25 food groups, ranges from 0 to 49,
and is a summary measure of overall diet quality, with respect to
both nutrient adequacy and diet-related NCD risk, for use at the
population level. GDQS scores ≥23 are associated with a low
risk of both nutrient adequacy and NCD risk, scores ≥15 and
<23 indicate moderate risk, and scores <15 indicate high risk.

The GDQS+ submetric includes the 16 healthy food groups
included in the GDQS, is scored with the same categories of
consumed amounts used in the GDQS, and ranges from 0 to
32. The GDQS- submetric includes the 9 GDQS food groups
classified as unhealthy or unhealthy in excessive amounts, is
scored with the same categories of consumed amounts used in
the GDQS, and ranges from 0 to 17. The GDQS+ and GDQS-
quantify the collective contribution of healthy foods (those that
should be consumed in higher amounts) and unhealthy foods
(those that should be consumed in lower amounts), respectively,
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TABLE 2 Summary of diet metrics included in the final evaluation1

(15)
(36)

(35)

1Adapted from Fung et al. (15). AHEI-2010, Alternative Healthy Eating Index – 2010; GDQS, Global Diet Quality Score; GDQS+, GDQS Positive Submetric; GDQS-, GDQS
Negative Submetric; MDD-W, Minimum Dietary Diversity – Women; PDQS, Prime Diet Quality Score.
Up arrows (green cells) indicate positively scored components (given more points for higher consumption), down arrows (red cells) indicate negatively scored components
(given more points for lower consumption), and curved arrows (yellow cells) indicate components for which maximum points are assigned at moderate amounts of
consumption. This table excludes the Simplified GDQS (refer to footnote to Table 11 for description), which was also included in the final evaluation.

to overall diet quality (because higher consumption of red meat
and high fat dairy are scored as unhealthy, these food groups
are included in the GDQS-). The GDQS submetrics can be
further subdivided to give more detailed information about the

contribution of smaller sets of food groups or individual food
groups to diet quality in populations. We did not find evidence
to support ranges of GDQS+ or GDQS- scores for defining
categories of dietary risk.
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TABLE 3 GDQS and GDQS submetric food groups and scoring1

Food group
Categories of consumed amounts (g/d) Point values

1 2 3 4 1 2 3 4

Food groups included in the GDQS and
GDQS+
Healthy

Citrus fruits <24 24–69 >69 0 1 2
Deep orange fruits <25 25–123 >123 0 1 2
Other fruits <27 27–107 >107 0 1 2
Dark green leafy vegetables <13 13–37 >37 0 2 4
Cruciferous vegetables <13 13–36 >36 0 0.25 0.5
Deep orange vegetables <9 9–45 >45 0 0.25 0.5
Other vegetables <23 23–114 >114 0 0.25 0.5
Legumes <9 9–42 >42 0 2 4
Deep orange tubers <12 12–63 >63 0 0.25 0.5
Nuts and seeds <7 7–13 >13 0 2 4
Whole grains <8 8–13 >13 0 1 2
Liquid oils <2 2–7.5 >7.5 0 1 2
Fish and shellfish <14 14–71 >71 0 1 2
Poultry and game meat <16 16–44 >44 0 1 2
Low fat dairy <33 33–132 >132 0 1 2
Eggs <6 6–32 >32 0 1 2

Food groups included in the GDQS and
GDQS-
Unhealthy in excessive amounts

High fat dairy (in milk equivalents)2 <35 35–142 >142–734 >734 0 1 2 0
Red meat <9 9–46 >46 0 1 0

Unhealthy
Processed meat <9 9–30 >30 2 1 0
Refined grains and baked goods <7 7–33 >33 2 1 0
Sweets and ice cream <13 13–37 >37 2 1 0
Sugar-sweetened beverages <57 57–180 >180 2 1 0
Juice <36 36–144 >144 2 1 0
White roots and tubers <27 27–107 >107 2 1 0
Purchased deep fried foods <9 9–45 >45 2 1 0

1GDQS, Global Diet Quality Score; GDQS-, GDQS Negative Submetric; GDQS+, GDQS Positive Submetric.
2Due to the importance of cheese in many food cultures and the significantly different nutrient density of hard cheeses in comparison with other dairy products, we
recommend converting consumed masses of hard cheeses to milk equivalents when calculating total consumption of high fat dairy for the purpose of assigning a GDQS
consumption category [using cheddar cheese as a typical example, a conversion factor of 6.1 can be computed as the mass of 1 serving of milk (237 mL × 0.95 g/mL = 225 g)
divided by an isocaloric mass of cheddar cheese (37 g)] (38).

Associations between the GDQS and comparison
metrics compared with energy-adjusted nutrient
intakes and overall nutrient adequacy in
cross-sectional datasets

In analysis of cross-sectional data, we observed Spearman
correlations between the GDQS and energy-adjusted intakes of
calcium, fiber, folate, iron, protein, vitamin A, and zinc that were
generally modest and weaker and in some cases had inverse
associations with specific fatty acids and vitamin B12 (Table 5).
The GDQS tended to correlate more favorably (P < 0.05) than
the MDD-W with energy-adjusted fiber, folate, iron, protein,
saturated fat, and zinc intakes, whereas the MDD-W tended
to correlate better with energy-adjusted monounsaturated fat,
vitamin A, and vitamin B12 intakes.

We also compared covariate-adjusted associations between
metrics and energy-adjusted aggregate measures of protein,
fiber, calcium, iron, zinc, vitamin A, folate, and vitamin B12
adequacy (refer to footnote to Figure 1 for derivation of
these measures and adjustment covariates). In one dataset
(Ethiopia FFQ data), the MDD-W outperformed the GDQS
(P < 0.05) in predicting overall nutrient inadequacy (a binary
variable defined as adequacy of <4 out of 8 nutrients in FFQ

analysis or <50% mean probability of adequacy in 24HR
analysis) in adjusted models: OR in the fifth quintile (compared
with quintile 1) of the GDQS and MDD-W was 0.24 (95%
CI: 0.16, 0.36) and 0.08 (95% CI: 0.08, 0.14), respectively
(Figure 1) (9). Performance of the GDQS and MDD-W in
predicting overall nutrient inadequacy did not otherwise differ.
The GDQS and MDD-W tended to correlate more strongly with
energy-adjusted intakes of nutrient intakes and adequacy than
the GDQS+ and AHEI-2010, and the GDQS- tended to
correlate weakly or negatively (6–10).

Covariate-adjusted associations between the GDQS,
GDQS+, and MDD-W compared with anthropometric
and biomarker outcomes related to nutrient adequacy
in cross-sectional datasets

The GDQS and GDQS+ performed comparably with the
MDD-W in predicting anthropometric and clinical indicators
of nutrient adequacy in cross-sectional analyses. In adjusted
regression models (refer to footnote to Figure 1 for adjust-
ment covariates), the GDQS, GDQS+, and MDD-W were
significantly (P for trend < 0.05) inversely associated with
underweight [BMI (kg/m2) <18.5] in Ethiopia FFQ data
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and India; low mid–upper arm circumference (<24.5 cm) in
Ethiopia FFQ data, India, and the Millennium Villages; and
unassociated with underweight or anemia in urban or rural
China (Table 6). These metrics were also inversely associated
with serum folate deficiency (<3 ng/mL) in Ethiopia FFQ data,
associated with higher serum folate concentrations in 24HR
data from urban Mexico, inversely associated with anemia
(hemoglobin <12 g/dL) in the African Millennium Villages, and
associated with higher hemoglobin concentrations or inversely
associated with anemia in Ethiopia FFQ data (Table 7).

Unlike the GDQS, the MDD-W was associated with higher
odds of depleted iron stores (serum ferritin <15 μg/L) in
Ethiopia 24HR data (OR for tercile 3 compared with T1: 2.68,
95% CI: 1.35, 5.20) (7), and both the MDD-W and GDQS+
predicted lower ferritin concentrations in Mexico FFQ data
(8) (Table 7). The GDQS+ was further associated with higher
odds of serum vitamin B12 deficiency (<203 pg/mL) in Ethiopia
FFQ data (OR for quintile 5 compared with quintile 1: 1.83,
95% CI: 1.14, 2.98) and inversely associated with vitamin
B12 concentrations in 24HR data from rural Mexico (quintile
1 compared with quintile 5 difference in estimated marginal
mean: 646 compared with 428 pmol/l) (7, 8).

Covariate-adjusted associations between the GDQS,
GDQS-, and AHEI-2010 compared with the metabolic
syndrome and anthropometric and biomarker
outcomes related to NCD risk in cross-sectional
datasets

The GDQS significantly outperformed (P < 0.05) the AHEI-
2010 in predicting the metabolic syndrome (MetS; defined
according to ATP III criteria) in urban China: OR for MetS
in the fifth quintile of GDQS (compared with quintile 1) was
0.58 (95% CI: 0.45, 0.75) (9), whereas the AHEI-2010 was not
significantly predictive (P = 0.63) (Table 8). In rural China, the
AHEI-2010 was positively associated with MetS (fifth quintile
OR compared with quintile 1 1.32, 95% CI: 1.06, 1.63)
(9), whereas the GDQS was marginally associated with lower
odds of MetS (P = 0.054) and significantly associated with
lower odds of high waist circumference (≥80 cm), hypertension
(>130/85 mmHg), and low HDL cholesterol (<50 mg/dL)
(Table 6, Table 8, Table 9). Both the GDQS and AHEI-2010
were positively associated with overweight (BMI ≥25) and high
waist circumference in India (Table 6). Although not predictive
of the MetS in urban or rural Mexico in 24HR or FFQ analyses
(Table 8), the GDQS was inversely associated with continuous
BMI, waist circumference, and LDL cholesterol in FFQ analysis
(8).

Like the GDQS, the GDQS- (of which higher scores indicate
lower consumption of unhealthy foods) was significantly
inversely associated with MetS in urban China, low HDL
cholesterol in rural China, and high waist circumference and
triglycerides (≥150 mg/dL) in both urban and rural China
(Table 6, Table 8, Table 9). The GDQS- was also associated
with lower waist circumference and odds of overweight in India,
negatively associated with diastolic blood pressure in Ethiopia
FFQ data, and negatively associated with total cholesterol in
FFQ data from rural Mexico (Table 6, Table 8, Table 9).
Although the GDQS- was not significantly associated with the
MetS in rural Mexico (P = 0.85 and P = 0.82 in 24HR and FFQ
analyses, respectively), it was associated with having a reduced
number of MetS components in FFQ analysis (Table 8) (quintile
1 compared with quintile 5 difference in estimated marginal
mean number of components: 2.54 compared with 2.35) (8).
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GDQS: P < 0.001
MDD-W: P < 0.001

P, diff = 0.350

GDQS: P < 0.001
MDD-W: P < 0.001

P, diff = 0.308

GDQS: P < 0.001
MDD-W: P < 0.001

P, diff = 0.030

GDQS: P < 0.001
MDD-W: P < 0.001

P, diff = 0.669

GDQS: P < 0.001
MDD-W: P < 0.001

P, diff = 0.361

GDQS: P < 0.001
MDD-W: P < 0.001

P, diff = 0.369

GDQS: P < 0.001
MDD-W: P < 0.001

P, diff = 0.187

GDQS: P < 0.024
MDD-W: P < 0.001

P, diff = 0.446

GDQS: P < 0.001
MDD-W: P < 0.001

P, diff = 0.589

GDQS: P < 0.001
MDD-W: P < 0.001

P, diff = 0.378

FIGURE 1 Covariate-adjusted ORs for binary overall nutrient inadequacy by GDQS and MDD-W quintile, quartile, or tertile in nonpregnant
nonlactating women of reproductive age in the total population or within urban stratum and rural strata of cross-sectional datasets. We defined
several aggregate measures of protein, fiber, calcium, iron, zinc, vitamin A, folate, and vitamin B12 adequacy. In FFQ analysis, a continuous
overall nutrient adequacy variable was first constructed for each participant in the data, based on the number of nutrients (out of 8) meeting age-
and sex-specific EARs from the Institute of Medicine (or adequate intake level, in the case of fiber) (39); iron adequacy was defined as ≥50%
probability of adequacy based on a lognormal requirement distribution (40). In 24HR analysis [based on 3-day averages (China) or estimated
usual intakes based on the ISU method (Mexico) (41)], probability of adequacy for all nutrients was estimated using the full probability method
(40). Iron requirement distributions and zinc EARs were adjusted to account for absorption characteristics of local diets (40,42–44). Because
nutrient requirements are age-specific, they indirectly account for age differences in energy intake to an extent, but not entirely. To account
for residual confounding by energy, we therefore adjusted overall nutrient adequacy for energy using the residual method (45), and added the
resulting residuals back to the mean of the raw overall nutrient adequacy variable. We derived a binary measure of overall nutrient inadequacy
defined as <4 adequate nutrients (in FFQ data) or < 50% mean probability of adequacy (in 24HR data). We also derived a binary measure
of energy-adjusted overall nutrient inadequacy (shown in this figure) by adjusting the continuous overall nutrient adequacy variable for energy
using the residual method, ranking the residuals, and assigning a value of 1 to those in the top Xth percentile and 0 to those in the bottom,
in which X is the proportion of individuals in the raw data with <4 adequate nutrients (in FFQ data) or <50% mean probability of adequacy
(in 24HR data). Energy-adjusted overall nutrient inadequacy therefore preserves the distribution of raw overall nutrient inadequacy. This figure
displays linear trends in overall nutrient inadequacy across metric quintiles (P), statistically compared using regression models in which quintiles
of 2 metrics are included in the same model and the parameter estimates associated with quintile 5 are compared using a Wald test (P, diff)
(35). Models were adjusted for age (India and Millennium Villages); age, urban/rural locality, education, marital status, occupation (Ethiopia); age,
socioeconomic status, education, physical activity, smoking, alcohol use, occupation, urban/rural locality (China); age, socioeconomic status,
urban/rural locality (Mexico). Trends did not differ between GDQS and MDD-W, except in analysis of Ethiopia FFQ data (in which the MDD-W
was more predictive). Due to limited variation across metric quintiles, MDD-W is presented in terms of quartiles in Mexico FFQ and 24HR data,
and tertiles in Ethiopia 24HR data. India Total Population FFQ (n = 3065) (A), Millennium Villages Project Rural FFQ (n = 1624) (B), Ethiopia Total
Population FFQ (n = 1604) (C), Mexico Urban FFQ (n = 2766) (D), Mexico Rural FFQ (n = 2209) (E), China Urban 24HR (n = 7047) (F), China
Rural 24HR (n = 8126) (G), Ethiopia Total Population 24HR (n = 1593) (H), Mexico Urban 24HR (n = 1515) (I), Mexico Rural 24HR (n = 1030) (J).
EAR, estimated average requirement; GDQS, Global Diet Quality Score; MDD-W, Minimum Dietary Diversity – Women; 24HR, 24-h recall.

Longitudinal analysis of cohort datasets

In multivariable analysis of women in the Mexican Teachers’
Cohort, a 1-SD increase in GDQS over 2 y was associated
with 0.37 kg (95% CI: 0.27, 0.47) less gain in weight (AHEI-
2010: 0.33 kg, 95% CI: 0.22, 0.44; MDD-W kg: 0.26 95%
CI: 0.14, 0.37) and 0.52 cm (95% CI: 0.33, 0.71) less gain in
waist circumference (AHEI-2010: 0.24 cm, 95% CI: 0.03, 0.45;
MDD-W: -0.42 cm, 95% CI: 0.20, 0.63) (11). The GDQS was
significantly (P < 0.05) more strongly associated with weight
change than the MDD-W and with waist circumference change
than the AHEI-2010.

In multivariable analysis of women in the US Nurses’ Health
Study II (NHS II) cohort, each 1-SD increase in GDQS and
AHEI-2010 over 4 y was associated with an HR for 5-kg
weight gain of 0.86 (95% CI: 0.85, 0.87) and 0.80 (95%
CI: 0.80, 0.81), respectively, whereas each 1 SD increase in
GDQS and AHEI-2010 was associated with a HR for type
2 diabetes of 0.93 (95% CI: 0.91, 0.96) and 0.91 (95% CI:
0.88, 0.94), respectively, (P < 0.05 for difference in metrics for
both outcomes) (12, 13). A 1-SD increase in the MDD-W was
significantly (P < 0.05) less predictive than the GDQS of 5-kg
weight gain (HR: 0.95, 95% CI: 0.94, 0.95), and did not predict

Global Diet Quality Score (GDQS) 83S
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incident diabetes (HR: 1.00, 95% CI: 0.94, 1.04, P = 0.88).
In the NHS II, 4-y increases in the GDQS- submetric were also
particularly predictive of weight change (HR for a 1 SD increase
in GDQS-: 0.82, 95% CI: 0.81, 0.82) and incident diabetes (HR
associated with fifth quintile of GDQS- compared with Q1:
0.76, 95% CI: 0.69, 0.84; for comparison, the HR associated
with the fifth quintile of GDQS compared with quintile 1: 0.83,
95% CI: 0.76, 0.91).

A comparison of changes in weight and waist circumference
observed for different magnitudes of change in the GDQS,
GDQS+, and GDQS- in the 2 cohort studies is provided in
Table 10.

Evaluating the PDQS-like Metric and Simplified GDQS

A simplified version of the GDQS (employing fewer categories
of consumption amounts used to score food groups) tended to
exhibit less predictive value, particularly against overall nutrient
adequacy (Table 11). The GDQS also tended to outperform the
PDQS-like Metric in this respect (Table 11) and in predicting
MetS in China (9). In urban China, ORs for MetS in the fifth
quintile of the GDQS and PDQS-like Metric (compared with
quintile 1) were 0.58 (95% CI: 0.45, 0.75, P for trend < 0.001)
and 0.86 (95% CI: 0.69, 1.08, P = 0.224), respectively (P for
difference < 0.05) (9). In rural China, ORs for MetS in the fifth
quintile of the GDQS and PDQS-like Metric (compared with
Q1) were 0.87 (95% CI: 0.69, 0.1.10, P for trend = 0.054)
and 1.01 (95% CI: 0.81, 1.26, P = 0.943), respectively (P for
difference < 0.05) (9).

Discussion

Using analysis of existing datasets from multiple countries
representing a wide range of income levels and cultures,
we found that a simple, food-based GDQS captured both
nutrient adequacy and diet-related risk of NCDs and performed
comparably with existing metrics that have been developed for
more specific applications or populations. To our knowledge,
the GDQS is the first food-based metric of diet quality
to be comprehensively validated against health outcomes
representative of both of these key domains of malnutrition in
diverse regions.

The GDQS performed well compared with the MDD-
W in capturing nutrient adequacy, and anthropometric and
biochemical indicators of undernutrition. Comparable (and in
1 instance superior) performance of the MDD-W in predicating
overall nutrient adequacy is not surprising since unlike the
GDQS, the MDD-W scores all foods positively, and unhealthy
foods can contribute to nutrient adequacy. Furthermore,
although modest consumption of red meat and high fat dairy
are scored positively in the GDQS, high consumption is not,
and women with the highest intakes of these groups therefore
received lower GDQS scores. The GDQS’ inclusion of unhealthy
food groups and foods scored as unhealthy in excessive
amounts was important for the metric’s ability to capture NCD
outcomes, particularly in analysis of cohort data from Mexico
and the US. Given that inclusion of unhealthy foods did not
significantly compromise the GDQS’ ability to capture nutrient
adequacy-related outcomes, the GDQS presents a favorable
alterative to the MDD-W that, despite its simplicity, is not
designed to address NCD risk (an increasingly important form
of malnutrition in LMIC).

The GDQS also performed comparably or better than the
AHEI-2010 in capturing diet-related NCD risk. This suggests TA
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TABLE 11 Comparison of Spearman correlations between the GDQS, simplified GDQS, and PDQS-like metric and continuous
energy-adjusted overall nutrient adequacy in nonpregnant nonlactating women of reproductive age within urban and rural strata of
cross-sectional datasets

GDQS Simplified GDQS PDQS-like Metric

Dataset n ρ ρ P, diff ρ P, diff

China Urban 24HR 6902 0.42∗ 0.32∗ <0.001∗ 0.35∗ <0.001∗

China Rural 24HR 8036 0.31∗ 0.25∗ <0.001∗ 0.23∗ <0.001∗

Ethiopia Urban 24HR 285 0.02 0.02 0.781 − 0.06 0.011∗

Ethiopia Urban FFQ 285 0.32∗ 0.25∗ 0.006∗ 0.16∗ 0.029∗

Ethiopia Rural 24HR 1283 0.08∗ 0.09∗ 0.013∗ − 0.07∗ <0.001∗

Ethiopia Rural FFQ 1311 0.25∗ 0.21∗ 0.002∗ 0.11∗ 0.000∗

India Urban FFQ 428 0.13∗ 0.13∗ 0.040∗ 0.14∗ 0.933
India Rural FFQ 2600 0.32∗ 0.31∗ 0.817 0.21∗ <0.001∗

Mexico Urban 24HR 1464 0.32∗ 0.27∗ <0.001∗ 0.21∗ <0.001∗

Mexico Urban FFQ 2696 0.40∗ 0.34∗ <0.001∗ 0.28∗ <0.001∗

Mexico Rural 24HR 1003 0.22∗ 0.19∗ 0.010∗ 0.10∗ <0.001∗

Mexico Rural FFQ 2175 0.35∗ 0.30∗ <0.001∗ 0.19∗ <0.001∗

MVP Rural FFQ 1624 0.37∗ 0.36∗ 0.790 0.31∗ <0.001∗

The Simplified GDQS was generated by condensing the second and third consumption amount categories in Table 3 for all food groups (except red meat, for which
trichotomous scoring was retained to allow for healthy scoring at higher intake amounts, as in the GDQS). Refer to footnote to Figure 1 for derivation of the continuous
energy-adjusted overall nutrient adequacy variable. P for difference (P, diff) is estimated from using Wolfe’s tests comparing metric-outcome correlation coefficients between
the GDQS and either the Simplified GDQS or PDQS-like Metric (34). ∗P < 0.05 correlations and Wolfe’s tests. GDQS, Global Diet Quality Score; MVP, Millennium Villages
Project; PDQS, Prime Diet Quality Score; 24HR, 24-hour recall.

that the GDQS’ expanded food list (as compared with other
food-based metrics, such as the MDD-W) compensates for
the predictive advantage that might otherwise be gained by
including nutrients in metric scoring. Strong performance of the
GDQS against NCD outcomes is important given the relative
ease of scoring the GDQS (a food-based metric) in comparison
with the AHEI-2010, which requires food composition data
to score, and which was not as sensitive to nutrient adequacy
outcomes in this analysis.

Throughout the process of refining the GDQS and iteratively
evaluating its performance, we found that including both
healthy- and unhealthy-scoring food groups and scoring each
of them in a consistent manner independent of the outcome
being targeted generally strengthened associations with both
nutrient adequacy and NCD risk-related outcomes. This
can be explained by the fact that consumption of healthy,
nutrient-dense foods may serve to replace unhealthy foods
in the diet, or contribute directly to improved metabolic
health [for example, consumption of fruits and vegetables is
associated with lower blood pressure, lower blood sugar, weight
loss, and reduced incidence of cardiovascular disease, certain
cancers, and other diseases (55–58)]; conversely, consumption
of unhealthy foods may contribute to poorer nutrient adequacy
by replacing healthy foods. Thus, although the GDQS+ and
GDQS- outperformed the GDQS in certain cases, we propose
the GDQS as the most appropriate and broadly responsive
metric of diet quality. The responsiveness of the GDQS to
both nutrient adequacy and NCD risk further substantiates
construction and scoring of the submetrics and supports their
use for understanding and tracking the relative contributions
of healthy and unhealthy food groups to overall diet quality in
populations.

In many cases, the GDQS was more sensitive to outcomes
than a simplified version primarily employing dichotomous
categories for scoring consumed amounts. Based on this, we
suggest there is a benefit in using diet quality metrics that
incorporate more detailed quantity of consumption information
than has previously been the case for simple food group
indicators developed for use in LMIC, such as the MDD-W,

despite the added burden for data collection that is implied.
However, more detailed evaluations of this tradeoff between
predictive value and participant burden are needed.

An important consideration is that our primary objective
was to develop a metric to assess average diet quality for a
population or subpopulation. When calculated from a single 24-
h recall of food intake, the GDQS will not provide appropriate
data on distributions of diet quality (for this reason performance
of the GDQS and other metrics tabulated using 24HR data in
Ethiopia and Mexico was usually poorer than when tabulated
using the FFQ in the same settings). To accurately estimate the
distribution of usual intakes or associations between the GDQS
with health outcomes at the individual level, calculating the
GDQS using an FFQ or repeated 24HRs or diet records in at
least a subgroup will be needed.

An important strength of the GDQS development work
carried out to date is its inclusion of datasets from a range
of countries with different prevailing diet patterns, profiles
of disease burden, and levels of economic development. The
scope of our analysis was considerable, including a range of
nutrient adequacy and diet-related NCD outcomes to develop
novel metrics and characterize their validity and flexibility, and
disaggregation of datasets to compare metric validity across
urban and rural subgroups. Analysis of both FFQ and 24HR
data allowed comparison of the performance of metrics scored
using both types of instruments. Furthermore, inclusion of
cohort data from the US and Mexico allowed more powerful
evaluation of metric performance, particularly in capturing
NCD-related outcomes (examining cross-sectional associations
between diet and NCD outcomes is challenging given the
latency period between dietary exposures and such outcomes,
and the potential for reverse causation).

The GDQS’ food-based design is a notable strength of the
metric. Analysis is simplified because food composition data
are not required to analyze the GDQS, and data collection
is therefore simplified because detailed information on food
preparation methods need not be collected. This ease of use
enables rapid and time-relevant assessments of population diet
quality. Since many LMIC face a chronic lack of resources
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for conducting detailed diet surveys and maintaining up-to-
date food composition data, the GDQS’ food-based design and
ease of use are also conducive to cross-country comparisons.
Furthermore, because the GDQS and GDQS submetrics provide
information on the contribution of healthy and unhealthy food
groups to diet quality in populations, they provide more easily
communicated and actionable data for improving diet quality
than metrics scored using nutrient components.

A limitation of this research is that it did not include
primary data collection. Whereas secondary analysis allowed
for extensive data to develop and evaluate metrics, metrics
scored using existing dietary data do not exactly represent what
would be collected using stand-alone instruments designed to
assess these metrics directly. Although existing 24HR and FFQ
data have the benefit of extensive enumeration of foods with
which to score metrics, they are subject to different sources
of measurement error than a stand-alone GDQS tool would
be, including greater respondent burden owing to the more
extensive assessment. Carrying out primary validation studies of
stand-alone GDQS assessment methods in a variety of settings
and demographic groups will be a useful next step. On the other
hand, the existing datasets did demonstrate that the GDQS can
be usefully calculated from quantitative 24HRs and FFQs that
are already being used in many countries [we have published
detailed guidance for investigators interested in doing this (37)].
Elsewhere in this supplement, Moursi and colleagues describe
development of a novel application–based 24HR data collection
system, combining a software application with physical food
group quantity models, for collecting GDQS data in population
surveys (14).

A second limitation is that within each food group there
exists regional variation in foods (e.g., lean pasture-fed beef
compared with beef produced in concentrated animal feeding
operations), food processing methods (e.g., application or
absence of micronutrient fortificants in grain flours), and
susceptibility of populations to health effects of different
diets (e.g., the marginal risk of NCD outcomes incurred by
consuming unhealthy foods may be greater in obese or diabetic
populations than healthy ones). Although these considerations
could be addressed by adding complexity to the scoring system
(e.g., by adding or subdividing food groups, or tailoring scoring
weights by region or food processing methods), we avoided this
in favor of providing simple, standardized guidance for global
use, as would presumably be needed for a metric for inclusion
in global monitoring frameworks. In developing the GDQS,
we ultimately attempted to balance the need for a valid metric
responsive to diverse outcomes of nutrient adequacy and NCD
risk in diverse settings, with that of an easily operationalized
metric that can be in surveillance systems without adding
undue burden to participants and surveyors that could hamper
widespread uptake.

A third limitation of this study was the lack of cohort
data in low-income countries. Although our analyses of large
cohort studies in Mexico and the US provide strong evidence
for validity of the GDQS against NCD outcomes, the growing
burden of NCDs in low-income countries, and middle-income
countries outside of the Americas, warrants further prospective
analyses in these settings due to regional differences in the foods
comprising each food group and differences in the prevailing
health status of the population.

Our evaluation demonstrates that the GDQS meets an
urgent need for a valid and robust metric capable of jointly
capturing the immense and frequently coexisting burdens of
nutrient inadequacy and diet-related NCD risk affecting many

countries. We thus propose the GDQS and GDQS submetrics
as appropriate metrics for integration in diverse surveillance
and research platforms, including health and nutrition surveys,
household surveys, and epidemiologic platforms. We envision
numerous applications of the GDQS in practice, including
standardized assessment and monitoring of population diet
quality, comparing diet quality between populations and
subpopulations, evaluating impacts of food-based nutrition
programs, and designing and communicating policies and
guidelines for improving diets. Global application of the
GDQS as a unified and comparable diet quality measurement
system would provide a strong evidence-base to support the
coordinated approaches needed for reducing the global burden
of both undernutrition and metabolic disease.

Research is warranted to translate and validate the GDQS
for use in demographics beyond nonpregnant, nonlactating
women of reproductive age; evaluate performance of the
GDQS in longitudinal analysis of NCD outcomes in low-
income countries; and validate primary assessment methods
for capturing GDQS data in population surveys. Furthermore,
whereas the scope of our research was limited to diet quality
outcomes, food systems also play a critical role in planetary
health. It would be valuable to explore relations between
the GDQS and environmental impacts of food systems in
different populations, to identify opportunities for developing
novel metrics that jointly capture diet quality and food
systems sustainability. Understanding these relationships may
also inform dietary guidelines that optimize nutrition and
planetary health (17).

Acknowledgments

We thank Christopher Golden and Changzheng Yuan (Harvard
T.H. Chan School of Public Health) for guidance on metric de-
velopment and assistance with statistical software, respectively.
We also thank all of the stakeholders who provided technical
input as part of the GDQS Stakeholder Meeting held on 1
September 2020.

The authors responsibilities were as follows—WCW, CB,
SNB, WWF, TTF, YL, SB, MD, MJS: designed research; SK, SEC:
provided essential materials; EA, NB, SB, AC, YH, YF, TTF,
YL, MM, YZ: analyzed data; MM, SG, MDH, SI, DS: provided
technical guidance and supervised analyses; SB, MD: wrote the
paper; SB: had primary responsibility for final content; and all
authors: read and approved the final manuscript.

References
1. GBD 2017 Diet Collaborators. Health effects of dietary risks in 195

countries, 1990–2017: a systematic analysis for the Global Burden of
Disease Study 2017. Lancet North Am Ed 2019;393(10184):1958–72.

2. International Health Metrics and Evaluation. GBD Compare. [Internet].
Available from: https://vizhub.healthdata.org/gbd-compare/.

3. Development Initiatives Poverty Research. 2020 Global Nutrition
Report: action on equity to end malnutrition. Bristol, United Kingdom:
Development Initiatives; 2020.

4. Arimond M, Deitchler M. Measuring diet quality for women of
reproductive age in low- and middle-income countries: towards new
metrics for changing diets. Washington, DC: Intake – Center for Dietary
Assessment/FHI 360; 2019.

5. Miller V, Webb P, Micha R, Mozaffarian D, Database GD. Defining
diet quality: a synthesis of dietary quality metrics and their validity
for the double burden of malnutrition. Lancet Planetary Health
2020;4(8):e352–70.

6. Bromage S, Zhang Y, Holmes MD, Sachs SE, Fanzo J, Remans R, Sachs
J, Batis C, Bhupathiraju SN, Fung TT, et al. The Global Diet Quality
Score is inversely associated with nutrient inadequacy, low midupper

90S Supplement

https://vizhub.healthdata.org/gbd-compare/


arm circumference, and anemia among rural adults in ten Sub-Saharan
African countries. J Nutr 2021;151(Suppl 10):119S–29S.

7. Bromage S, Andersen CT, Tadesse AW, Passarelli S, Hemler EC, Fekadu
H, Sudfeld C, Worku A, Berhane H, Batis C, et al. The Global Diet
Quality Score is associated with higher nutrient adequacy, midupper
arm circumference, venous hemoglobin, and serum folate among urban
and rural Ethiopian adults. J Nutr 2021;151(Suppl 10):130S–42S.

8. Castellanos-Gutiérrez A, Rodríguez-Ramírez S, Bromage S, Fung TT, Li
Y, Bhupathiraju SN, Deitchler M, Willett WC, Batis C. Performance of
the Global Dietary Quality Score with nutrition and health outcomes
in Mexico with 24-hr and FFQ data. J Nutr 2021;151(Suppl 10):143S–
51S.

9. He Y, Fang Y, Bromage S, Fung TT, Bhupathiraju SN, Batis CB,
Deitchler M, Fawzi WW, Stampfer MJ, Hu FB, et al. Application
of the Global Diet Quality Score in Chinese adults to evaluate the
double burden of nutrient inadequacy and metabolic syndrome. J Nutr
2021;151(Suppl 10):93S–100S.

10. Matsuzaki M, Birk N, Bromage S, Bowen L, Batis C, Fung TT, Li
Y, Stampfer MJ, Deitchler M, Willett WC, et al. Validation of Global
Diet Quality Score among nonpregnant women of reproductive age
in India: Findings from the Andhra Pradesh Children and Parents
Study (APCAPS) and the Indian Migration Study (IMS). J Nutr 2021;
151(Suppl 10):101S–9S.

11. Angulo E, Stern D, Castellanos-Gutiérrez A, Mongue A, Lajous M,
Bromage S, Fung TT, Li Y, Bhupathiraju S, Deitchler M, et al. Changes
in the Global Dietary Quality Score, weight and waist circumference in
Mexican women. J Nutr 2021;151(Suppl 10):152S–61S.

12. Fung TT, Bromage S, Li Y, Bhupathiraju SN, Batis C, Fawzi WF, Holmes
MD, Stampfer MJ, Hu FB, Deitchler M, et al. Higher Global Diet
Quality Score is associated with less 4-year weight gain in US women. J
Nutr 2021;151(Suppl 10):162S–7S.

13. Fung TT, Bromage S, Li Y, Bhupathiraju SN, Batis C, Fawzi WF, Holmes
MD, Stampfer MJ, Hu FB, Deitchler M, et al. Higher Global Diet
Quality Score is inversely associated with risk of type 2 diabetes in US
women. J Nutr 2021;151(Suppl 10):168S–75S.

14. Moursi M, Bromage S, Fung TT, Isanaka S, Matsuzaki M, Batis C,
Castellanos-Gutiérrez A, Angulo E, Birk N, Bhupathiraju SN, et al.
There’s an app for that: development of a mobile application to
operationalize the Global Diet Quality Score. J Nutr 2021;151(Suppl
10):176S–84S.

15. Fung TT, Isanaka S, Hu FB, Willett WC. International food group-based
diet quality and risk of coronary heart disease in men and women. Am
J Clin Nutr 2018;107(1):120–9.

16. Micha R, Shulkin ML, Peñalvo JL, Khatibzadeh S, Singh GM, Rao M,
Fahimi S, Powles J, Mozaffarian D. Etiologic effects and optimal intakes
of foods and nutrients for risk of cardiovascular diseases and diabetes:
systematic reviews and meta-analyses from the Nutrition and Chronic
Diseases Expert Group (NutriCoDE). PLoS One 2017;12(4):e0175149.

17. Willett W, Rockström J, Loken B, Springmann M, Lang T, Vermeulen
S, Garnett T, Tilman D, DeClerck F, Wood A, et al. Food in the
Anthropocene: the EAT-Lancet Commission on healthy diets from
sustainable food systems. Lancet North Am Ed 2019;393(10170):447–
92.

18. Gicevic S, Mou Y, Bromage S, Fung TT, Willett W. Development and
evaluation of a novel diet quality screener for global use. Curr Dev Nutr
2020;4(Suppl 2):1168.

19. Gicevic S, Gaskins AJ, Fung TT, Rosner B, Tobias DK, Isanaka S, Willett
WC. Evaluating pre-pregnancy dietary diversity vs. dietary quality
scores as predictors of gestational diabetes and hypertensive disorders
of pregnancy. PLoS One 2018;13(4):e0195103.

20. Gicevic S, Tahirovic E, Bromage S, Willett W. Diet quality and all-
cause mortality among US adults, estimated from NHANES, 2003–
2008. Public Health Nutr 2021:24(10):2777–872.

21. Alvarez-Alvarez I, Toledo E, Lecea O, Salas-Salvadó J, Corella D,
Buil-Cosiales P, Zomeño MD, Vioque J, Martinez JA, Konieczna J,
et al. Adherence to a priori dietary indexes and baseline prevalence of
cardiovascular risk factors in the PREDIMED-Plus randomised trial.
Eur J Nutr 2020;59(3):1219–32.

22. Ojeda-Rodríguez A, Zazpe I, Alonso-Pedrero L, Zalba G, Guillen-
Grima F, Martinez-Gonzalez MA, Marti A. Association between diet
quality indexes and the risk of short telomeres in an elderly population
of the SUN project. Clin Nutr 2020;39(8):2487–94.

23. Madzorera I, Isanaka S, Wang M, Msamanga GI, Urassa W, Hertzmark
E, Duggan C, Fawzi WW. Maternal dietary diversity and dietary quality

scores in relation to adverse birth outcomes in Tanzanian women. Am
J Clin Nutr 2020;112(3):695–706.

24. Gicevic S, Gaskins AJ, Fung TT, Rosner B, Sabanovic E, Milesevic
J, Kadvan A, Kremic E, Willett W. Demographic and socio-economic
predictors of diet quality among adults in Bosnia and Herzegovina.
Public Health Nutr 2019;22(17):3107–17.

25. Sanchez P, Palm C, Sachs J, Denning G, Flor R, Harawa R, Jama B,
Kiflemariam T, Konecky B, Kozar R, et al. The African Millennium
Villages. Proc Natl Acad Sci 2007;104(43):16775–80.

26. Tadesse AW, Hemler EC, Andersen C, Passarelli S, Worku A, Sudfeld
CR, Berhane Y, Fawzi WW. Anemia prevalence and etiology among
women, men, and children in Ethiopia: a study protocol for a national
population-based survey. BMC Public Health 2019;19(1):1369.

27. He Y, Zhao W, Zhang J, Zhao L, Yang Z, Huo J, Yang L, Wang J, He
L, Sun J, et al. Data resource profile: China national nutrition surveys.
Int J Epidemiol 2019;48(2):368–368f.

28. Kinra S, Andersen E, Ben-Shlomo Y, Bowen L, Lyngdoh T, Prabhakaran
D, Reddy KS, Ramakrishnan L, Bharathi A, Vaz M, et al. Association
between urban life-years and cardiometabolic risk: the Indian migration
study. Am J Epidemiol 2011;174(2):154–64.

29. Kinra S, Radha Krishna KV, Kuper H, Rameshwar Sarma KV,
Prabhakaran P, Gupta V, Walia GK, Bhogadi S, Kulkarni B, Kumar
A, et al. Cohort profile: Andhra Pradesh Children and Parents Study
(APCAPS). Int J Epidemiol 2014;43(5):1417–24.

30. Romero-Martínez M, Shamah-Levy T, Franco-Nuñez A, Villalpando S,
Cuevas-Nasu L, Gutiérrez JP, Rivera-Dommarco JA. National Health
and Nutrition Survey 2012: design and coverage. Salud Publica Mex
2013;55:S332–40.

31. Romero-Martínez M, Shamah-Levy T, Cuevas-Nasu L, Méndez Gómez-
Humarán I, Gaona-Pineda EB, Gómez-Acosta LM, Rivera-Dommarco
JA, Hernández-Ávila M. Methodological design of the National
Mid-Stage Health and Nutrition Survey 2016. Salud Pública Mex
2017;59:299–305.

32. Lajous M, Ortiz-Panozo E, Monge A, Santoyo-Vistrain R, García-Anaya
A, Yunes-Díaz E, Rice MS, Blanco M, Hernández-Ávila M, Willett
WC, et al. Cohort Profile: the Mexican Teachers’ Cohort (MTC). Int
J Epidemiol 2017;46(2):e10.

33. Bao Y, Bertoia ML, Lenart EB, Stampfer MJ, Willett WC, Speizer FE,
Chavarro JE. Origin, methods, and evolution of the three nurses’ health
studies. Am J Public Health 2016;106(9):1573–81.

34. Wolfe DA. A distribution-free test for related correlation coefficients.
Technometrics 1977;19:507–9.

35. Chiuve SE, Fung TT, Rimm EB, Hu FB, McCullough ML, Wang M,
Stampfer MJ, Willett WC. Alternative dietary indices both strongly
predict risk of chronic disease. J Nutr 2012;142:1009–18.

36. WDDP Study Group. Development of a dichotomous indicator
for population-level assessment of dietary diversity in women of
reproductive age. Curr Dev Nutr 2017;1(12):cdn.117.001701.

37. Intake – Center for Dietary Assessment. The Global Diet Quality
Score: data collection options and tabulation guidelines. [Internet].
Available from: https://www.intake.org/news/global-diet-quality-scor
e-data-collection-options-and-tabulation-guidance.

38. Willett WC, Ludwig DS. Milk and health. N Engl J Med
2020;382(7):644–54.

39. Institute of Medicine [US.]. Dietary reference intakes. the essential guide
to nutrient requirements. Washington, DC: National Academies Press;
2006.

40. Institute of Medicine [US.]. DRI Dietary Reference Intakes: applications
in dietary assessment. Washington, DC: National Academies Press;
2000.

41. Nusser SM, Carriquiry AL, Dodd KW, Fuller WA. A semiparametric
transformation approach to estimating usual daily intake distributions.
J Am Statist Assoc 1996;91:1440–9.

42. Martin-Prevel Y, Allemand P, Wiesmann D, Arimond M, Ballard T,
Deitchler M, Dop M, Kennedy G, Lee WTK, Moursi M. Moving
forward on choosing a standard operational indicator of women’s
dietary diversity. Rome, Italy: Food and Agricultural Organization of
the United Nations; 2015.

43. Allen L, de Benoist B, Dary O, Hurrell R, editors. Guidelines on food
fortification with micronutrients. Geneva, Switzerland: World Health
Organization; 2004.

44. International Zinc Nutrition Consultative Group (IZiNCG), Brown
KH, Rivera JA, Bhutta Z, Gibson RS, King JC, Lönnerdal B, Ruel

Global Diet Quality Score (GDQS) 91S

https://www.intake.org/news/global-diet-quality-score-data-collection-options-and-tabulation-guidance


MT, Sandtröm B, Wasantwisut E, et al. International Zinc Nutrition
Consultative Group (IZiNCG) technical document #1. Assessment of
the risk of zinc deficiency in populations and options for its control.
Food Nutr Bull 2004;25(1 Suppl 2):S99–203.

45. Willett W, Stampfer MJ. Total energy intake: implications for
epidemiologic analyses. Am J Epidemiol 1986;124(1):17–27.

46. WHO Expert Committee on Physical Status. Physical status: the use
of and interpretation of anthropometry, report of a WHO expert
committee. Geneva, Switzerland: WHO; 1995.

47. Tang AM, Chung M, Dong K, Wanke C, Bahwere P, Bose K,
Chakraborty R, Charlton K, Hong S, Nguyen P, et al. Determining
a global mid-upper arm circumference cutoff to assess underweight
in adults (men and nonpregnant women). Washington, DC: FHI
360/FANTA; 2016.

48. International Diabetes Federation. The IDF consensus worldwide
definition of metabolic syndrome. Brussels: 2006.

49. World Health Organization. Haemoglobin concentrations for the
diagnosis of anaemia and assessment of severity. Vitamin and mineral
nutrition information system. Geneva, Switzerland: WHO; 2011.

50. World Health Organization. Serum ferritin concentrations for the
assessment of iron status and iron deficiency in populations. Geneva,
Switzerland: WHO; 2011.

51. World Health Organization. Serum and red blood cell folate
concentrations for assessing folate status in populations. Geneva,
Switzerland: WHO; 2015.

52. Allen LH. Vitamin B-12. Adv Nutr 2012;3(1):54–55.

53. Huang PL. A comprehensive definition for metabolic syndrome. Dis
Model Mech 2009;2(5-6):231–7.

54. Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults. Executive summary of the third
report of the National Cholesterol Education Program (NCEP)
expert panel on detection, evaluation, and treatment of high blood
cholesterol in adults (Adult Treatment Panel III). JAMA 2001;285(19):
2486–97.

55. Appel LJ, Moore TJ, Obarzanek E, Vollmer WM, Svetkey LP, Sacks
FM, Bray GA, Vogt TM, Cutler JA, Windhauser MM, et al. A clinical
trial of the effects of dietary patterns on blood pressure. N Engl J Med
1997;336(16):1117–24.

56. Wiseman M. The second world cancer research fund/american institute
for cancer research expert report. food, nutrition, physical activity, and
the prevention of cancer: a global perspective: nutrition society and
BAPEN Medical Symposium on ‘nutrition support in cancer therapy’.
Proc Nutr Soc 2008;67(3):253–6.

57. Wang X, Ouyang Y, Liu J, Zhu M, Zhao G, Bao W, Hu FB. Fruit and
vegetable consumption and mortality from all causes, cardiovascular
disease, and cancer: systematic review and dose-response meta-analysis
of prospective cohort studies. BMJ 2014;349:g4490.

58. Bertoia ML, Mukamal KJ, Cahill LE, Hou T, Ludwig DS, Mozaffarian
D, Willett WC, Hu FB, Rimm EB. Changes in intake of fruits and
vegetables and weight change in United States men and women followed
for up to 24 years: analysis from three prospective cohort studies. PLoS
Med 2015;12(9):e1001878.

92S Supplement


